Abstract. Infertility is an important health issue affecting numerous couples. Approximately 30-50% of the cases of male infertility is due to unknown reasons. The main genetic factors involved in male infertility are chromosomal abnormalities and Y chromosome microdeletions within the Yq11 region. The genes controlling spermatogenesis located in the Yq11 region are termed azoospermia factor genes (AZF). Klinefelter syndrome (KS) is the most common of the chromosomal anomalies in the infertile male. AZF microdeletions on the Y chromosome are the most frequent genetic cause of male infertility. Screening for microdeletions in the AZFa, b and c regions of the Y chromosome showed a marked variation among different studies. The present study aimed to investigate the prevalence of such deletions in Syrian men. A total of 162 infertile males (97 azoospermic, 49 oligospermic and 16 severely oligospermic) were screened for chromosomal abnormalities and Y chromosome microdeletions using 28 markers in the AZF region. Twenty (12.34%) patients had chromosomal rearrangements, 17 of them showed sex chromosome abnormalities (11 of 17 patients within the azoospermic group had a KS of 64.7%), 2 patients had apparently balanced autosomal rearrangements, while 1 patient had an inversion. Of the 162 infertile men, 46 patients (28.4%) had Y chromosome microdeletions within the AZF-regions. Most frequently hit were the AZFc (34.8%), followed by the AZFbc, AZFa, AZFac, AZFbc, AZFb, AZFd, AZFab, AZFad, AZFbd, AZFabc and the AZFbcd. Combined AZF deletions involving three regions with chromosomal abnormalities were observed in one case. The higher frequency of AZF deletions in our study was comparable with frequencies in other countries and regions of the world, possibly due to the elevated number of the sequence-tagged site (STS) markers used for this screening.
Introduction
Infertility is an important health problem affecting 10-15% of couples. The contribution of male factors to infertility is ~30-50%. Previous studies indicated that environmental as well as genetic factors are involved in the decrease of the reproductive potential in male (1) . The main genetic factors involved in male infertility are chromosomal abnormalities and Y-chromosomal microdeletions within the Yq11 region. The genes controlling spermatogenesis located in the Yq11 region are termed azoospermia factor genes (AZF) (2) .
The incidence of cytogenetic abnormalities has been estimated to be 2.1-28.4% in infertile men and only 0.7-1% in the general male population (3) . Chromosomal anomalies in the infertile male may be numerical or structural and involve sex chromosomes (e.g., 47,XXY) or autosomes (e.g., balanced Robertsonian translocations) (3) . Approximately 5-10% of the oligozoospermic and 15-20% of the azoospermic cases harbor genetic abnormalities (4) .
Secondary to the Klinefelter syndrome, Y-chromosomal microdeletions are the most frequent genetic cause of male infertility (5) . The analysis of these deletions demonstrated four non-overlapping loci, AZFa, AZFb, AZFc and AZFd (5) in the azoosperimic factor gene (AZF) region. Deletions of these loci result in spermatogenic arrest and are associated with azoospermia or oligozoospermia (5). These AZF genes encode for RNA binding proteins and are likely to be involved in the regulation of gene expression, RNA metabolism, packaging and transport to cytoplasm, as well as RNA splicing (6) .
The microdeletion of AZFa is associated with the complete Sertoli cell-only (SCO) syndrome and azoospermia, while the microdeletion of AZFb or AZFc results in a variable clinical and histological phenotype, ranging from the SCO syndrome to oligozoospermia (7) . Furthermore, the Y chromosome is of note for its high level of structural variability, including deletions, duplications and inversions (8) . Y chromosome polymorphisms, especially a wide range of the length of the sub-band Yq12, were reported to be correlated with reproductive dysfunction (9) . It is of note, that microdeletions and chromosomal abnormalities in the AZF region have become clinically important, since assisted reproductive techniques (ART), such as intracytoplasmic sperm injection (ICSI), have been successfully introduced to clinical treatments (10) .
In the present study, the frequency and type of major chromosomal abnormalities including Y chromosome microdeletions of infertile Syrian men with azoospermia and oligozoospermia were investigated.
Materials and methods
Patients. Patients were prospectively recruited for chromosomal and Y chromosome microdeletion analysis between 2005 and 2011. A total of 162 infertile Syrian men with non-obstructive azoospermia (n=97), oligozoospermia (n=49, sperm count <5x10 6 /ml) and severe oligozoospermia (n=16, sperm count <1x10 6 /ml) aged between 17 and 45 years (the mean ± SD 32±7.9 years) were included in the study. A detailed medical history was recorded for each patient. The patients were also interviewed regarding their medical history, family background, reproductive problems and possible consanguinity with their respective female partners. Physical examination was conducted in order to identify anatomical problems. The urethral fluid and semen were tested for microbial infections, such as mycoplasma infection. In addition, semen analysis was performed, according to the World Health Organization Guidelines (11) . A total of 100 healthy men, with proven paternity without assisted reproductive technologies were selected as the controls. None of the patients or controls was exposed to gonadotoxins, such as radiation treatment or cancer chemotherapy.
Cytogenetic analysis. Karyotype analysis using GTG-banding was performed following standard procedures (12) . A minimum of 20 metaphases analyzed from stimulated peripheral blood cultures were analyzed for each patient, while in cases with mosaicism this number was increased to 100 metaphases. Karyotypes were described according to the International System for Human Cytogenetic Nomenclature (13) .
Molecular analysis. Genomic DNA was extracted from the peri pheral blood for the patients and controls, using the Genequality AZF MX kit (AB Analitica, Padova, Italy), according to the manufacturer's instructions. To screen for the Y chromosome-specific regions, the presence of 28 Y chromosome DNA loci was examined via a sequencetagged site (STS) and genes, mapped in the AZF region. These were distributed on two sets and were found not to overlap. The first set used was included in the Genequality AZF MX kit (AB Analitica), containing 11 specific STS and genes: sY86, sY84, DFFRY and DBY (AZFa); sY95; sY117, sY125, sY127 and sY134 (AZFb); sY254 and sY255 (AZFc), and human zinc-finger protein-encoding genes (ZFX/ZFY) located on the X-and Y-chromosomes. The ZFX/ZFY and sex determining region of the Y chromosome (SRY, i.e., STS sY14) served as an internal control primer (14) . In the second set, the STS primers tested were: sY81 and sY82 (AZFa); sY121, sY124, sY142 and sY143 (AZFb); sY147, sY149, sY158, sY239, sY242, sY283, BPY2, CDY and sY160 (heterochromatin region) (AZFc); sY145 and sY153 (AZFd) (6, 15, 16) . Amplification was carried out in a thermocycler (TC-512; Techne, Staffordshire, UK) under the following conditions: an initial denaturation step at 94˚C for 5 min, with 40 cycles at 94˚C for 1 min; annealing at 60˚C for 1 min and extension at 72˚C for 1 min. The final extension step was at 72˚C for 5 min. The reagents were separated on an ethidium bromide-stained 2.5% agarose-TAE-gel and observed under UV light.
Results
Karyotype distribution. Karyotyping was performed for the 100 controls and 162 infertile men with azoospermia (n=97), oligozoospermia (n=49) and severe oligozoospermia (n=16). No chromosome abnormalities were detected in the controls (Table I) . Of the 162 (12.34%) infertile patients, 20 had chromosomal abnormalities, including 17 of the 97 (17.52%) patients with azoospermia and 3 of the 49 (6.12%) patients with oligozoospermia.
Seventeen azoospermic patients presented sex chromosomal abnormalities, accounting for 85% of the abnormal karyotypes. Approximately 64.7% (11/17) of these men were born with a 47,XXY karyotype, with the exception of one patient with 47,XXY,t(5;11), whereas the 29.41% (5/17) represented patients with 46,XY/47,XXY or 45,X/46,XY/47,XXY mosaicism and 5.9% (1/17) had a t(X;Y). The remaining 3 patients presented autosomal abnormalities, accounting for 15% of the abnormal karyotypes. Of the autosomal abnormalities, 2 cases were chromosomal translocations, whereas the other case was inversion. Combined deletions involving the three AZF regions (b, c and d) were detected in 1 patient with 45,X/46,X,idic(Y) (q11.21)/47,XX,+idic(Y)(q11.21), while the molecular analysis of the SRY gene showed the presence of 2 copies of this gene.
Discussion
Chromosomal abnormalities are more frequently observed in azoospermic and oligospermic patients compared to the general population (17) . In the present study, the total prevalence of chromosomal aberrations was 12.34%, in accordance with the previously reported rates of 2.2-14.3% for infertile men (18, 19) . The most common chromosomal abnormality was the Klinefelter syndrome, accounting for 64.7% (11/17) of the detected chromosomal abnormalities, followed by mosaic Klinefelter syndrome and structural autosomal abnormalities. The incidence of sex chromosomal abnormality in men with azoospermia (16.5%) was higher compared to men with oligozoospermia (2.04%), largely due to the high incidence of patients with Klinefelter syndrome. The incidence of autosomal abnormalities in infertile patients with azoospermia was (1.03%) and (4.08%) in patients with oligozoospermia. The majority of autosomal abnormalities in the infertile population were chromosome translocation, potentially inducing the loss of genetic material at the breakpoints of genes and corrupting the genetic message (20) . Findings of the present study are consistent with the finding that abnormalities in sex chromosomes are primarily found in azoospermic patients, while balanced autosomal abnormalities are the most frequent abnormalities in oligozoospermic males (21) .
The reported frequencies of deletions in the AZF region vary from 1 to 55%, depending on the inclusion criteria and possibly on the STS markers used for screening, however, mostly an incidence below 15% is reported (22, 23) . In this study, 11 STS markers, including 6 STS strongly recommended by the European Molecular Genetics Quality Network (EMQN) and the European Academy of Andrology (EAA) guidelines, were used (14) . This method has been considered as relatively reliable to identify 90% of AZF microdeletions and has been widely employed in many laboratories. Consistent with the literature, in the present study the observed frequency of deletions was 6.8% (14) . However, the use of more primers-sets, compared to those used in this study, improves the chances of finding a deletion (24, 25) . When using an additional 17 STS markers, further deletions were detected within the AZF Table II . Frequency of different AZF microdeletions on the Y chromosome in infertile male patients (n=162). .8) regions. Overall, the observed frequency was 21.6%. Thus, consistent with other reports in the literature (22) , the observed frequency of AZF-microdeletions was 28.4%. However, using that number of STS-markers is not in accordance with the recommendations of the EAA (14) . The frequency of AZF microdeletion was 33% in patients with azoospermia, 22.44% in patients with oligozoospermia and 18.8% in patients with severe oligozoospermia. These results are different from the published data of 10-15% in azoospermic patients and 5-10% in oligozoospermic patients (26) . However, in a review of the literature (27) (28) (29) , the authors observed a high frequency (51.6%) of microdeletions among azoospermic patients (27) . These variations in deletion frequencies could be explained by ethnic or geographical differences, the selection criteria of the patients and the sample size.
According to the literature, among the AZF-genes, AZFc is the most frequently deleted one (60%), followed by deletions of AZFb and the combined deletions involving different AZF regions (35%), whereas AZFa deletions are extremely rare (5%) (30) . In the present study, microdeletions in the AZFc region were the most prevalent (34.8%), followed by the AZFbc (15.21%), AZFa (13.04%) and AZFac (8.7%). Thus, the frequency of AZFa deletions in our sample was higher compared to other reports (14, 31, 32) .
AZF subregions act in different phases of spermatogenesis. The complete deletion of the AZFa region is suggested to result in complete Sertoli cell-only syndrome and azoospermia (14, 33) . Deletions of the AZFb region may induce SCO syndrome or the arrest of spermatogenesis in the primary spermatocyte stage (34) . Deletions in the AZFc region produce a variety of phenotypes ranging from normal to oligozoospermia and azoospermia (14, 35) .
Deletions in the AZFd are likely to present with mild oligospermia or even normal sperm counts with abnormal sperm morphology, such as severe teratozoospermia phenotype (31) . A deletion of the AZFc region may also predispose men to Y chromosome loss, leading to sexual reversal. Several studies have found this deletion to be a premutation for 45,X (35, 36) and for the mosaic phenotype 45,X/46,XY (37) . Consistent with the results of the present study, AZFa deletions were only detected in azoospermic patients, although AZFb, AZFc and AZFd deletions were found in three groups of patients. In addition, the present study showed that combined deletions involving the three AZF regions, AZFa,b regions or partial AZFb deletions were also only detected in azoospermic patients.
The combination of chromosomal abnormality and Y chromosome microdeletion was observed in 1 patient. This patient had 45,X/46,X,idic(Y)/47,XX,+idic(Y) karyotype and AZFbcd (38) .
Infertile men are increasingly selecting ART, such as ICSI/ IVF, as a feasible option in order to have their own offspring. With the help of ART, it is possible for patients with severe impaired spermato genesis to father children. However, these technologies are likely to increase the risk of transmitting their genetic disorder to their descendants. Thus, prior to assisted reproduction, an understanding of the genetic defects for the infertile male is essential to avoid the vertical transmission of anomalies to the offspring. In summary, the frequencies of AZF microdeletions and chromosomal abnormalities in infertile men from Syria were comparable with those of infertile men from other countries and regions in the world. The results demonstrated a higher prevalence of AZF deletions compared to other studies, suggesting that this increase depends on the number of the STS markers used for screening.
